It has been estimated that the risk of health care-associated infection (HAI) is 2-20 times higher in developing countries compared with developed countries.[@bib0010] HAI refers to infections acquired in hospitals, clinics, and where health care providers are susceptible to infections.[@bib0015] HAIs cost thousands of lives each year, yet most infections can be prevented with inexpensive Standard Precaution (SP) practices such as hand hygiene and wearing gloves.[@bib0020] According to the World Health Organization, the practice of SPs includes the basic principles of infection control such as handwashing and using personal protective equipment such as gloves, masks, gowns, and eyewear to prevent contact with potentially infectious materials, as well as safe handling of sharps.[@bib0025]

Experts at the Centers for Disease Control and Prevention have reported that the recent occurrence of highly infectious diseases like severe acute respiratory syndrome, Middle-East respiratory syndrome, and Ebola virus disease have made the knowledge, practice, and enforcement of SPs more important than ever.[@bib0030] For example, the rapid spread of severe acute respiratory syndrome and Ebola virus disease transmitted by travelers illustrated how quickly diseases can enter health care systems and communities.[@bib0035]

Exposure to infectious material can be minimized by strict compliance with SPs.[@bib0040] Strict compliance with safety rules must be taught and reinforced as the educational cornerstone of providing basic care and preventing the spread of disease. Thus, nursing students must be prepared to demonstrate professional accountability in infection control and adhere to standards of safe practice.[@bib0045], [@bib0050]

Nurses represent the largest labor group in health care and they have the greatest degree of contact with patients.[@bib0055] In addition, nursing students are at even greater risk of contamination and sharps injuries during clinical training precisely because they are inexperienced. Especially during early clinical training, nursing students commonly have contact with body fluids such as saliva, sputum, urine, feces, and blood as they learn to provide basic patient care and obtain laboratory specimens.[@bib0060] The issue of undergraduate education in shaping attitudes and teaching infection control knowledge among health care professionals in developing countries is important.

The adherence to SPs in most developing countries remains either ineffective or nonexistent. Research has shown the obvious: lack of knowledge is the major reason for nonadherence to SPs.[@bib0065] Developing countries yield some alarming statistics: 39.3% of injections are given with syringes or needles that were reused without sterilization. Conversely, others have found good levels of knowledge and compliance with hand hygiene, a centerpiece of SPs, among nursing students who received various types of hand hygiene instruction and were reassessed frequently.[@bib0070] Among nursing students in Hong Kong, predictors for SPs compliance included knowledge of SPs, perceived barriers, adequacy of training, management support, and influence of nursing staff.[@bib0075]

In Jordanian nursing schools, infection control and SPs in a coherent instructional form are missing from the curriculum.[@bib0080] For example, Jordanian nursing students were found to have insufficient knowledge regarding SPs.[@bib0085] Although the students who were surveyed reported positive attitudes and compliance regarding infection control practices, the level of knowledge was under 50%.[@bib0085]

Although Jordan has a population of only 9.46 million,[@bib0090] it has a robust university system that graduates approximately 1,651 nursing students per year.[@bib0095] The scientific, medical, and nursing programs in Jordan provide instruction in English using English-language textbooks and journals. The Jordanian medical system is modeled after the Western medical system and operates using a primary care framework. Jordan\'s major export is its university graduates in nursing, medicine, and the sciences. Nursing graduates can easily emigrate for work due to the acute imbalance between the large numbers of nursing graduates and underemployment nationally. Nursing graduates become expatriate workers, mostly in Middle Eastern countries, but also in the United Kingdom and the United States. Thus, insufficient and ineffective instruction in infection control and SPs has international implications.

Jordanian nursing students have been found to have insufficient knowledge regarding SPs.[@bib0085] To improve compliance, it is important to recognize undergraduate nursing students\' level of knowledge and compliance with SPs and to identify the strengths and weaknesses of their education. Many studies have been performed in relation to professional health care workers\' knowledge of and compliance with SPs, yet few studies have involved undergraduate nursing students. Findings from this study will provide input for universities developing curricula and the clinical placement facilities where students obtain their experience.

Methods {#s0010}
=======

To address infection control, it is important to recognize an undergraduate nursing students\' level of knowledge and compliance with SPs and to identify the strengths and weaknesses of their education. This study was designed to assess knowledge and compliance with SPs and to test the efficacy of online instruction in SP training among university nursing students. The online teaching method allowed participants opportunities to save, exit, and re-enter the program at will and to engage in multiple self-assessment activities. Findings from this study will provide baseline and instructional effectiveness data regarding infection control and SPs to advocate for systematically adding these curricula in national nursing programs in Jordan.

Research objectives {#s0015}
-------------------

1.Describe the demographic characteristics of the sample (ie, gender, prior attendance in an infection control course, and year of study).2.Identify and compare the subjects\' knowledge levels (ie, high, moderate, or inadequate) of SPs before and after online instruction.3.Assess the effectiveness of online instruction on the levels of knowledge of SPs of undergraduate nursing students.4.Identify the undergraduate nursing students\' level of self-reported compliance with SPs (ie, high, average, low, and very low).5.Assess the effectiveness of a one-time exposure to online instruction to increase compliance with SPs.

Design and sample {#s0020}
-----------------

The research design was a pretest--posttest educational intervention method ([Fig 1](#f0010){ref-type="fig"} ). This design provided baseline and instructional effectiveness data of an online intervention. In preparation for sampling, we selected an α of 0.05 and a medium effect size, yielding a minimum sample size of 256 participants for data analyses with a power equal to 0.80.[@bib0100] Subjects included undergraduate nursing students in Jordan who were aged at least 18 years. Students were recruited via e-mail; they were in years 2, 3, and 4 of their 4-year bachelor\'s degree in nursing program. These groups were selected because they would have sufficient clinical experience to be able to report on SPs. Students from other universities and graduate nursing students were excluded from the study.Fig 1Study design and methods. *IC*, infection control; *ID*, identification; *PC*, xxxxx. Survey Monkey ([www.surveymonkey.com](http://www.surveymonkey.com){#iw0010}). Excel (Microsoft Inc, Redmond, WA). SPSS (version 22; IBM-SPSS Inc, Armonk, NY).Fig 1

Ethical considerations {#s0025}
----------------------

Before executing the study, the design was reviewed and approved by the Protection of Human Subjects Committee at the investigator\'s university. Participants were informed that they could choose to refuse to participate or could withdraw from the study at any time before completion of the study. They were also assured that participation or nonparticipation in the study would in no way jeopardize their academic record and were informed that the findings would be reported in the form of aggregate data. Confidentiality of all information was maintained throughout the study using coded identifiers. For security purposes, the survey data were maintained on a password-protected computer and any hard copies of data were kept in a locked cabinet in a locked office. Only the investigator had access to the data or data files.

Instruments {#s0030}
-----------

The survey used in this study was an adapted version of the Questionnaires for Knowledge and Compliance with Standard Precautions instrument. The survey items ask about the knowledge of and compliance with the use of personal protective equipment, disposal of sharp objects and other biological wastes, decontamination of spills and used articles, and prevention of cross-infection. The instrument validity was been estimated at 0.98, reliability = 0.87, and Cronbach\'s α = 0.93. The instrument was scored according to the guidelines provided by Lou et al.[@bib0105]

This questionnaire was converted to an online survey.[@bib0110] The first section addressed subject demographics, including gender, year in the nursing program, and prior attendance at infection control seminars. The balance of the survey addressed knowledge of SPs and compliance with SPs using the questionnaire mentioned above. To assess the participants\' knowledge, the survey included 20 items, with possible responses of "yes," "no," or "unknown." "Yes" answers were given a value of 1 point, and "no" or "unknown" received 0 points; the maximum possible score was 20. The higher the subject\'s score, the greater his or her knowledge about SPs. For example: "The main goal to implement Standard Precautions is to protect the medical staff" the correct "Standard Precaution is only applicable for the patient with the confirmed diagnosis of infection or in the latent period of infection." The knowledge items were summed for each subject, and then the score was converted into a percentage by multiplying the score by 5. Based on the percentage of correct answers in these sections, the levels of knowledge were classified according to the following criteria: if the score was \>75%, participants were considered to have a high level of knowledge; if the score was 50%-75%, they were considered to have a moderate level of knowledge; and if the score was \<50%, they were considered to have an inadequate level of knowledge.

The last portion of the survey included 20 compliance items with a scale of 0-4 points (0 = never, 1 = seldom, 2 = sometimes, 3 = usually, and 4 = always) yielding a total score range of 0-80. In determining the level of compliance, the following scale of mean scores was used: high compliance = 61-80, average compliance = 41-60, low compliance = 21-40, and very low compliance = 0-20. The higher the mean score, the better that person carries out SPs.

Preliminary instrument testing {#s0035}
------------------------------

An expert panel of 4 English-speaking Jordanian nurses with doctorate degrees participated in the prepilot work to review the study instrument. The nurses were asked to identify ambiguous information and to comment on the ease of reading and presentation. This was done because the primary language of Jordanian students is Arabic. Afterward, a pilot study was carried out to assess the feasibility of the study in terms of acceptability to participants, and to ascertain the clarity and readability of the instrument before beginning the full online study. Minimal changes in wording were made based on participants\' responses. The pilot sample included 10% of the estimated sample size (n = 26) to test the study feasibility and the reliability and validity of the instrument. The findings from the pilot sample yielded Cronbach\'s α = 0.82 for knowledge and α = 0.86 for compliance.

Data collection {#s0040}
---------------

The procedure for data collection was as follows: flyers and announcements were prepared to encourage students to participate, students interested in the training sent an e-mail message to the principal investigator indicating that he/she would like to participate in the study, and the principle investigator determined whether the student met the inclusion criteria for the study.

The current study was conducted in 3 phases. In phase 1, an information session was conducted for approximately 30 minutes twice daily in a university conference room over 5 days. The presentation included the study purpose, method, required time commitment, potential risks/benefits, and contact information for the investigator. Following the presentation, each volunteer was given a randomized personal study identification number to maintain confidentiality and allow comparison of data by subject. The recruitment process ended with each volunteer developing a learning contract with the primary investigator. The structure of the learning contract contained the following questions: What are you going to learn? (objectives); How are you going to learn it? (resources and strategies); and, When do you plan to complete the task? Each student volunteer was asked to describe in writing his/her processes to meet the objectives.

Finally, the principle investigator also gave each volunteer instructions on how to access the online survey[@bib0110] to complete the pretest instrument. The introductory page explained that the questionnaire was voluntary and would take about 20 minutes to complete. Each participant was instructed to put his or her study number on the survey, but not a name.

In phase 2, the infection control and SP instruction was delivered using an online teaching/learning platform[@bib0115] that has been adopted by many Jordanian universities. This program allows instructors to develop teaching options such as quizzes, word matches, video clips, and assignment submission; video files and links; multiple-choice quizzes; an instant messaging service for intraclass communication; and other self-assessment tools. The infection control curriculum was organized into 6 modules ([Fig 2](#f0015){ref-type="fig"} ) and was developed by the primary investigator who is a content expert in infection control. The main topics were emerging infectious diseases, policies and procedures regarding SPs, care of patients with known infections, postexposure procedures, general SPs, and documentation and reporting requirements of injuries and exposure. The instruction was offered for 30 days to give students a flexible time frame in which to complete the lesson. The posttest part of the study, phase 3, essentially repeated the pretest measure, including the assessment of knowledge and compliance regarding SPs measures.Fig 2The infection control/PC curriculum.Fig 2

Data analyses {#s0045}
-------------

For the statistical analysis, the data were imported to SPSS version 22 (IBM-SPSS Inc, Armonk, NY). The dataset was reviewed for input accuracy and checked for out-of-range values. Frequencies and percentages were derived for categorical variables. All significance values were set at *P* \< .05 and included 2-sided analysis.

For levels of knowledge (high, moderate, and inadequate), frequencies and percentages were derived. A paired-samples *t* test was used to compare group means at pretest and posttest. To evaluate subjects\' compliance with SPs, frequencies and percentages were derived for 4 levels of compliance for pretest and posttest measures. Paired parametric *t* tests were used to compare the mean number of correct answers in both the pretest and posttest within the levels of compliance.

Results {#s0050}
=======

After excluding incomplete surveys, the final sample was 256. Demographic characteristics of the sample are presented in [Table 1](#t0010){ref-type="table"} ; women constituted a majority of participants (53.1%; n *=* 136). Few students (7.8%) had ever attended infection control courses outside the nursing curriculum. [Table 2](#t0015){ref-type="table"} shows that a majority of participants (57%) scored their pretest knowledge as inadequate, with about one-quarter (27.7%) rating their knowledge as moderate, and only one-sixth (15.2%) rating their knowledge as high. At posttest, almost one-half of subjects (45.7%) rated their knowledge as high, with nearly one-third (32%) rating their knowledge as moderate, and less than one-quarter (22.3%) rating their knowledge as inadequate. [Table 2](#t0015){ref-type="table"} shows that a majority reported poor pretest compliance (ie, low \[39.5%\] and very low \[27%\]). Just one-third had better pretest compliance scores; that is, average (14.1%) and high (19.5%) ratings. The posttest reports of compliance improved considerably, with high reaching 36.7%, average reaching 46.8%, low reaching 14.5%, and only 2% reporting very low compliance. Significant improvement in both knowledge and compliance scores was seen when comparing pretest versus posttest means ([Table 3](#t0020){ref-type="table"} ).Table 1Sample demographic characteristics (N = 256)Table 1CharacteristicMenWomenYear of study246 (38)34 (25)329 (24)54 (40)445 (38)48 (35)Total120 (46.9)136 (53.1)Previous infection control courseYes17 (14)3 (2)No103 (86)133 (98)Total120136[^1]Table 2Knowledge and compliance with standard precautions (N = 256)Table 2ScorePretestPosttestKnowledge High15-2039 (15.2)133 (52) Moderate10-1471 (27.8)98 (38.3) Inadequate0-9146 (57)25 (9.7)Compliance High61-8050 (19.5)111 (43.4) Average41-6036 (14.1)130 (50.8) Low21-40101 (39.5)15 (5.8) Very low0-2069 (27)0[^2]Table 3Means and standard deviations (SD) of scores for knowledge and compliance: Pretest and posttestTable 3MeanSDKnowledge score Pretest8.0036.93 Posttest15.144.27Compliance score Pretest37.2219.27 Posttest59.9611.42

[Table 4](#t0025){ref-type="table"} A paired-samples *t* test indicated that the knowledge scores were significantly higher at posttest than at pretest. These results suggest a statistically significant improvement in the undergraduate nurses\' knowledge following the educational intervention. The paired-samples *t* test indicated that posttest compliance scores were also significantly higher than pretest measures.Table 4One-sample paired *t* test: Comparing pretest versus posttest scores of knowledge and complianceTable 4Score*t* ValueSignificance (2-tailed)Mean difference95% Confidence intervalLowerUpperPre/posttest knowledge14.040.00[\*](#tn0010){ref-type="table-fn"}7.136.138.13Pre/posttest compliance16.600.00[\*](#tn0010){ref-type="table-fn"}22.7420.0425.44[^3]

Discussion {#s0055}
==========

In the current study, nearly half of study subjects were male nursing students (n = 120; 46.9%). This is not an unusual finding in Jordan because men are admitted at the same rate as women. Jordan\'s national universities are free to citizens and admit students based on a high school exit exam, the Tawjihi (General Secondary Education Certificate Examination). Regardless of a student\'s personal career preference, those with the highest Tawjihi scores are sequentially admitted into academic career programs in order of social standing and earning potential (ie, medical school, engineering, and other sciences). Nursing ranks just above agriculture, which ranks last. There are so many men with high exam scores that they could fill all of the admission slots in nursing, which is identified as a career for women. However, due to the strict prohibitions in Islamic cultures on men providing direct care for women, rules were set in place to admit equal numbers of men and women to national nursing schools.

Female subjects were more likely to report higher knowledge of and compliance with SPs at posttest than men. In contrast, a recent study of nursing students in Australia found no association between self-reported compliance with SP practices based on gender or age. However, that particular sample was more than 90% women, which likely influenced these findings.[@bib0120] In studies of health care workers in the United States, it was found that compliance with universal precautions was low but higher among women (25%) than men (19%).[@bib0125] Further, an extensive review of studies reported that being a man was a risk factor for low compliance with hand hygiene.[@bib0130] On the other hand, 1 study reported that male and female health care workers washed their hands equally often.[@bib0135]

Pretest knowledge and compliance with SPs {#s0060}
-----------------------------------------

As expected, the results of the current study show that a majority of students had low levels of SP knowledge at pretest. The poor measure of PC knowledge is a reflection of the absence of systematic SP training in the Jordanian nursing curriculum. This is not an unusual finding in developing countries that provide regular instruction in PC, medical students in Venezuela also lacked adequate knowledge of SPs.[@bib0140] A study from Israel provides insight to the issue of PC knowledge; those authors[@bib0145] found that nursing students\' knowledge level with PCs was influenced by their instructors during formal training.

Low pretest measures of SP compliance were an expected finding in this study. Jordanian nursing programs have large classes and have high faculty-to-student ratios. This means that during instruction, faculty members are seldom able to provide role modeling or adequately monitor students during performance of SPs. In addition, clinical experiences occur in settings with insufficient resources (eg, masks, gloves, sinks, water, and paper hand towels) when numerous students are present at 1 site. Role modeling by faculty and onsite clinical faculty (selected health care workers) is important, and others have reported that the hand hygiene practices of mentors influence the hand hygiene practices of students.[@bib0150]

Posttest outcomes after online education {#s0065}
----------------------------------------

The results showed a significant improvement in undergraduate nurses\' knowledge and compliance within the month after the educational intervention. Although the education component was entirely online and no mentors were involved, the short-term implications are good for the instructional methodology. In this case, the subjects were volunteers who had to undergo redundant testing and be self-directed learners on top of their official studies. The students were not required to participate as part of their curriculum but apparently valued the opportunity to master this content that would protect their patients as well as themselves.

It is noteworthy that compliance with SPs was higher among students in the latter years of the nursing program. This finding is consistent with a recent study among Jordanian nursing students.[@bib0085] In contrast, other researchers have found that intent to comply was negatively influenced during the senior year of nursing education by increased workload and clinical responsibility was well as the effect of the theory-practice gap.[@bib0145] This disparity between the principles taught in academic programs and workplace practices is a common stressor for novice health care professionals. For example, in a large sample of Chinese nurses (N = 1,444) only half could correctly identify each and every SP measure.[@bib0105]

Limitations {#s0070}
-----------

Several limitations of this study should be noted. First, the use of a volunteer sample can result in systematic biases inherent to nonprobability samples. Also, the short time frame between instruction and posttesting for compliance may not have adequately reflected their behavior over time. In addition, the use of self-report for compliance with SPs is typically influenced by social conformity. These subjects may have already had better knowledge of SPs or stronger beliefs about its importance than those who chose not to participate. Lastly, these findings cannot be generalized to all nursing students in Jordan.

Conclusions {#s0075}
===========

This small study demonstrates that knowledge and compliance of SPs among undergraduate nursing students can be improved by instruction provided online. However, the absence of a rigorous curriculum will always impede progress toward reducing and preventing HAIs and has a negative effect on nursing practice. Organizations that oversee nursing programs in developing countries are themselves developing and reaching higher goals. These findings offer proof-of-concept for the utility of a freestanding online curriculum for infection control that could be mandated to nursing programs and as continuing education for nurses in practice. Thus, infection control is not just an issue of individual practice, it is also relevant to policy at national levels. A coherent policy to mandate infection control training by the nursing profession can evoke a trickle-down effect on other professions, health care agencies, as well as national and international health care outcomes.

Recommendations for future studies {#s0080}
----------------------------------

Ideally, outcome studies of infection control and SP adoption after repeated application of the online instruction module by all nursing students in Jordan would yield informative, data-driven practical outcomes. An extension of our study of nursing students would be to conduct a study among nurses at agencies where students have clinical experiences. Such a study could assess the agencies\' infection control outcomes as well as changes in behavior among the nurses who collaborate with students. Because others have described the dissonance between theory and practice, we hypothesize that change can begin from the bottom up: from novice to expert. In developing countries, where physical resources are limited, educated professionals can override habitual poor practice. Research is best used as a tool for positive change.
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